I. INTRODUCTION
Chlorhexidine (CH) is very antimicrobial and has a wide antimicrobial spectrum.
It is generally used as a disinfectant and antiseptic.
Since its chemical structure includes four guanido groups, CH is also believed to be antitumorous, and it has been reported1) that CH prolongs the life of mice with experimentally induced solid Sarcoma-180 tumors.
Several researchers have reported colorimetric2-5), gas chromatographic6,7) and high pressure liquid chromatographic8, 9) determinations of CH in disinfectants, however, there has been no method to analyze biological samples. This paper reports on the application of a procedure using ultrasonic homogeniza- solutions adjusted to exactly 20ml, were added.
The solutions were added to an Extrelut column, and eluted with various organic solvents to investigate CH elution ratios. The CH-ethyl acetate elution ratio is shown in Fig. 1 at various pHs.
Ethyl acetate was selected as the extraction and purification solvent because the solvent was better than the others for obtaining the elution ratios. More than 95% of the CH was eluted from columns with 30-60ml ethyl acetate in pH 10.4-12.0 buffer solutions or pH 12.5-13.0 NaOH solutions.
Derivatization of CH
To a standard CH working solution containing spectrum of this derivative is shown in Fig. 2 . As the derivative has two chlorines, there were fragment ions at m/z 662 and 664 in addition to a molecular ion at m/z 660, with an intensity ratio of 9:6:1. The base peak was at m/z 303 and there were additional main fragment ions at m/z 302, 316, 330, 358 and 370. The effects of reaction time on derivatization are shown in Fig. 3 . CH was completely derivatized by mixing it for from 1 to 3min at room temperature.
This was confirmed by MS and GC/MS. It is thus
On-Column Methylation12) Fig. 1 The elution ratio of CH on an Extrelut column with ethyl acetate. Triazine derivative peaks on mass fragmentograms had strong tailing tendencies due to the four residual imido groups. These groups were methylated on a gas chromatographic column. The derivative dissolved in 0.2M TMAH was injected into a gas chromatograph.
GC/MS confirmed that all of the CH had been converted to triazine N-methyl derivatives by on-column methylation. Using oncolumn methylation, the peaks on mass fragmentograms were sharp and symmetrical.
Gas Chromatographic Columns The following columns with different liquid phases were evaluated to determine the retention times of the CH derivatives during MF.
(1) 1% Silicone OV-1 on Chromosorb W 60-80 mesh Table 1 The OV-1 column was therefore selected. The operational conditions during MF are listed in Table 1 .
Identification and Determination of CH
The triazine derivative in 0.2M TMAH was injected into the GC/MS, and mass spectra were evaluated following the conditions in Table 1 . The mass spectrum of the CH derivative from the standard CH working solution is shown in Fig. 4 . There were fragment ions m/z 718 and 720, a molecular ion m/z 716, and the intensity ratio was 9:6:1.
The base peak was at m/z 330, with additional ions at m/z 331, 344 and 386. MF was carried out at m/z 330, 331 and 386. Fig. 5 shows the mass fragmentograms.
The CH derivative was identified on the basis of retention time and mass spectrum, by direct comparison with those of the standard compound. However, if the amount of the compound was less than 20-30ng, CH was identified on the basis of retention time alone. The derivative was determined by the absolute calibration curve of the peak area of the fragmentogram.
Using MF, CH determination was reproducible at about 1-2%, which was considered very statisfactory.
Determination of CH in Mouse Tissue
On the basis of the above data, the following procedure was adopted to determine the amounts of CH in mouse tissues. Aliquots of samples containing more than 50ng CH were homogenized with 5ml of 0.1N HCl solution and centrifuged at 3000rpm for 3min. The cellular debris was homogenized twice more with 0.1N HCl solution and centrifuged. Approximately 5ml of 1N NaOH solution was added to the resulting supernatant fraction in order to adjust the pH to between 12.5 and 13.0. A 20-ml aliquot of the solution was introduced into an Extrelut column and eluted with 40ml of ethyl acetate. The eluate was concentrated to approximately 0.1ml under reduced pressure, 0.2ml TFA was added and the mixture was shaken vigorously for 2min at room temperature.
The solution was evaporated to dryness with N2 gas, dissolved in 0.2M TMAH, and subjected to on-column methylation in a gas chromatographic column connected to the MF. CH amounts were monitored at m/z 330, 331 and 386. Mass fragmentograms obtained from on-column methylation are shown in Fig. 6 . To mouse tissue aliquots, constant volumes of either ethyl acetate or 1N HCl solution containing 1 procedure was made and Table 2 shows the recovery Table 2 Recovery of CH 
SUMMARY
An analytical method has been developed to determine the amount of chlorhexidine (CH) in mouse tissues by mass fragmentography (MF). Using a combined gas chromatography/mass spectrometric method is superior because of its quick separation, mass spectrum specificity and high level of detection. It consisted of the following procedures:
(1) Mousee tissues were homogenized in 0.1N HCl solutions using an ultrasonic homogenizer, and then centrifuged.
(2) The CH in the resulting supernatant fractions was purified on an Extrelut column with ethyl acetate.
(3) The eluted CH was converted to a triazine derivative with trifluoroacetic anhydride. (4) After dissolving in 0.2M trimethylanilinium hydroxide in methanol, the derivative was subjected to on-column methylation on a gas chromatographic column.
(5) The CH triazine N-methyl derivative was identified and determined by MF.
method can be considered simple, rapid, sensitive, and quite specific for CH.
